Background: It is critical to understand whether providing health insurance coverage, assigning a dedicated Primary Care Physician (PCP), and arranging timely post-Emergency Department (ED) clinic follow-up can improve compliance with clinic visits and reduce ED discharge failures. We aim to determine the benefits of providing these common step-wise interventions and further investigate the necessity of urgent PCP referrals on behalf of ED discharged patients. Methods: This is a single-center retrospective observational study. All patients discharged from the ED over the period Jan 1, 2015 through Dec 31, 2017 were included in the study population.
Background
Traditional practice recommends arranging timely clinic follow-up for patients who are discharged from the Emergency Department (ED). Timely post-ED discharge followup has been shown to improve patient-centered care for disease prevention, monitoring, and management [1, 2] . ED discharge failure is defined as patients discharged from ED that either have no primary care physician (PCP) clinic follow-up or that return to the ED inappropriately prior to their clinic visits. However, ED discharge failures are frequent. Nearly one-third of ED patients who do follow up with their primary care physician (PCP) or specialist still have short-term ED returns, and many ED discharged patients may never follow-up with PCP clinics at all [2] .
In recently years, numerous studies have been published on transition care from ED to PCP. Studies on utilizing telephone reminders for patient follow-up appointments showed different call success rates with variable outcomes on ED discharge failures [3, 4] . Other studies on a dedicated PCP's office contacting patients after ED discharge showed increased PCP visits but not decreased ED discharge failures [5, 6] . Among all current interventions, having health insurance and having a follow-up appointment set prior to a patient's ED departure are considered the most effective for patient follow-up compliance [7] .
Many factors could affect patient follow-up after ED discharge [8] [9] [10] . Patients with high psychosocial risks or homeless patients might have lower PCP follow-up rates [11] . Patients who lack insurance are reported to have relatively poor PCP follow-up compliance [9, 12] . Patients without a dedicated PCP are also reported to have relatively poor follow-up visit compliance [12, 13] . Realizing these potential contributing factors, different combinations of the following interventions were implemented to improve follow up compliance: providing charity insurance, assigning a dedicated PCP, and providing a phone call or text message to remind patients of post-ED discharge clinic appointments [11, 13, 14] . We assumed that increased patient clinic follow-up compliance would eventually decrease inappropriate ED utilization and/or returns. However, the value of these interventions is varied when analyzing the literature. This variation is due to different interventions rendered in different studies without use of standard outcome measurements [2, 10, 14, 15] , thereby requiring further external validation.
The study hospital ED initiated these common interventions together in a step-wise manner. Upon patient discharge, case managers assessed the patient's qualification for hospital-based charity insurance. If they were able to qualify, steps initiating the charity insurance coverage for patients were begun. Once patients qualified for hospital-based charity insurance, a dedicated PCP was assigned to each patient, and a formal followup PCP visit was arranged. In addition, a telephone call to remind the patient of their appointment was made prior to the patient's PCP visit. The overarching goal was to implement an effective package of interventions to maximize PCP clinic compliance and minimize ED discharge failures. However, commonly, it is challenging to assign dedicated PCPs without insurance coverage or to set up regular PCP visits without dedicated PCPs. Therefore, the study hospital follows a common pragmatic practice by implementing step-wise interventions. At present, we are uncertain of any benefit brought from these step-wise interventions and unable to determine the optimal intervention that eventually could increase clinic compliance and decrease ED discharge failures. Therefore, we aim to investigate the outcomes of providing step-wise interventions and further optimize such interventions for ED discharge failure prevention.
Methods

Study setting and design
This was a single-center retrospective study. The study hospital is a publicly funded county hospital and an urban tertiary referral center. The study hospital ED is a level 1 trauma center, acute chest pain and comprehensive stroke center whose annual ED volume was approximately 120,000 visits during the study period (Jan 1, 2015 through Dec 31, 2017). The study ED also sponsors an Emergency Medicine (EM) residency program. This study was approved by the John Peter Smith Health Network Institutional Review Board (IRB number: 010713.004ex). A waived inform consent was granted due to retrospective chart review with no more than minimal risk to subjects.
Study participants
Patients who presented to the study ED from Jan 1, 2015 through Dec 31, 2017 and were subsequently discharged after the index ED visit were included in this study. All enrolled patients were followed-up by reviewing their Electronic Medical Record (EMR) until Feb 1, 2018. This allowed all enrolled patients a minimum 30-day follow-up after the index ED discharge. We excluded patients during the index ED visits who were 1) admitted, 2) expired, 3) transferred to other facilities, 4) left without being seen (LWBS), eloped, or left against medical advice (AMA), and 5) prisoners.
Step-wise interventions Three interventions were already placed and performed in the study hospital ED before the initiation of this study. Therefore, this study can only provide a cross-sectional cohort comparison instead of a pre-and post-intervention comparison. Briefly, patients who had no insurance and who met the criteria listed below were eligible for hospitalbased charity insurance coverage. This hospital-based charity insurance coverage is funded by the Texas State Government in United States (US) which lasted for 1 year. It is intended to be a short-term coverage and its use acts as a bridge for patients waiting to be qualified for Medicare, Medicaid, or any commercial insurance coverage . Patients approved for this insurance will need to be reevaluated annually to determine their continuous qualification. Conditional for charity insurance coverage, patients were required to provide no or minimal payment while seeking their healthcare services within the study hospital system. Enrollment eligibility criteria were: 1) patient must be a resident of the local county where hospital is located (Tarrant county); 2) the annual income of the patient or family is below 250% of the federal poverty income level (FPIL); 3) patient is a US citizen, naturalized citizen, or legal permanent resident; and 4) patient has pursued all available health insurance options prior to receiving hospital-based charity insurance coverage.
Detailed qualification criteria are on the hospital website (https://www.jpshealthnet.org/for_patients/low_cost_med-ical_care/do_i_qualify). Only patients who obtained hospital charity insurance were qualified to be assigned a dedicated PCP. A dedicated PCP was assigned randomly based on the availability of physicians taking new patients and their available schedules. All assigned PCPs are within the hospital network system. Once a dedicated PCP was assigned, subsequent formal follow-up clinic appointments could be arranged within 1-4 months of the index ED visits. Patients were informed of PCP assignment and follow-up appointment specifics via mail (US Postal Service). A case manager performed a phone survey to address any potential patient related concerns and to remind patients of their appointments. If no one answered, a message was left to remind patients of their upcoming appointments. Patients were also encouraged to approach hospital/ED social workers or case managers if they had specific questions or concerns. All case managers in the study hospital are licensed master social workers (LMSW) with a Master's degree in Social Work.
Outcome measurements
Patient PCP clinic follow-up compliance and ED discharge failure rates were measured as the outcomes. Patient follow-up compliance was defined as patients who visited the PCP clinic after the index ED discharge regardless of ED revisits/returns. In general, discharge failure was defined as ED revisits within a short period of time after the index ED discharge (e.g., 3 days, 7 days, 14 days, or 30 days) and/or poor patient adherence to scheduled PCP clinic follow-up. We defined patients as having no ED discharge failure if they completed a PCP clinic follow-up either before their next appropriate ED revisit or had no further ED revisits. Appropriate ED visits were determined by New York University Algorithm (NYUA), addressed in detail below. We further categorized ED discharge failure as either restricted or broad/uncertain circumstance mediated. Restricted discharge failure was considered if patients met all of the following criteria: 1) patients who returned to the ED prior to their scheduled clinic follow-up visit or returned to the ED with no scheduled clinic follow-up since the index ED visit, and 2) patients who returned to the ED, were discharged and the reasons for ED return were determined inappropriate ED utilization (i.e., non-emergent, avoidable) by NYUA. Broad/uncertain discharge failure excluded patients with restricted discharge failure that met at least one of the following criteria: 1) patients who had neither subsequent ED nor clinic visits; 2) patients who had appropriate or unclassified ED returns but did not have any PCP followups from the index ED discharge; 3) patients that returned to the ED appropriately or unclassified prior to their clinic follow-ups; or 4) patients that returned to the ED after PCP visits and their ED returns were inappropriate or unclassified (A detail definition of different outcomes are listed in Additional file 1).
Appropriateness of ED utilization
The New York University ED algorithm (NYUA) was used in this study to determine appropriateness of ED utilization for ED return visits [16] . Briefly, four major categories were used in NYUA: 1) emergent not avoidable considered as appropriate ED visits; 2) primary care treatable defined as care that can be safely provided in a primary care setting without the need for emergent treatment; 3) emergent care needed but preventable/avoidable defined as patients whose disease conditions can be prevented/avoided if preventive care is received in a timely fashion; and 4) non-emergent. Patient visits not meeting one of these four major categories were deemed unclassified. Appropriate ED utilization was considered if patients met the emergent not avoidable category criteria, and inappropriate utilization was determined if patients were classified within the other three categories. Uncertain ED utilization was considered if patients were unclassified. NYUA is only used to determine the appropriateness of ED utilization among ED discharged patients. In addition to NYUA, patients who revisited the ED within 30-days were considered appropriate ED utilization where patients were: 1) admitted to hospital, 2) moved to the operating room, 3) transferred to other facilities, or 4) expired.
Variables
Patient general characteristics including patient age, gender, and race/ethnicity were collected in this study. Other patient and clinical variables were listed as follows: 1) mode of arrival: divided into two categories (healthcareassisted arrival including ambulance or hospital/healthcare facility-arranged transportation versus others including private car, public transportation, taxi, wheelchair, ambulatory, police, or unknown), 2) level of acuity: divided into two categories based on ESI (Emergency Severity Index) level including high-to-moderate (ESI 1-2-3) and low (ESI 4-5) acuities, 3) homeless status, 4) patient last vital signs upon disposition (including heart rate, respiratory rate, blood pressure, oxygenation, and temperature) divided into two categories of patients who had normal vital signs versus patients with any abnormal vital signs (e.g., heart rate < 50 or > 100, respiratory rate < 8 or > 20, systolic blood pressure < 90 mmHg or > 140 mmHg, diastolic blood pressure < 60 mmHg or > 90 mmHg, pulse oximetry < 94%, temperature > 100.4F°or < 96.8F°), 5) immediate subsequent healthcare visits (e.g., ED, PCP clinic, or none) and its time interval from the index ED discharge, 6) whether patients had their PCP assigned, 7) number of medications prescribed upon the index ED discharge, 8) insurance type divided into five categories including a) hospital-based charity insurance; b) Medicare; c) Medicaid; d) commercial; and e) no insurance coverage; and 9) patient's chronic disease conditions: divided into two categories including patients with chronic disease(s) and those without. Chronic disease conditions were determined using the chronic condition indicator (CCI) for the International Classification of Diseases Tenth Edition, Clinical Modification (ICD-10-CM). It was developed as part of the Healthcare Cost and Utilization Project (HCUP) by the Agency for Healthcare Research and Quality (AHRQ) [17] .
Study protocol
To determine whether interventions improved patient PCP clinic follow-up compliance, we measured patient PCP clinic follow-up after interventions and compared patients relative to five different insurance coverages (e.g., charity versus Medicare versus Medicaid versus commercial versus no insurance). Furthermore, among patients who complied with their PCP visits, we divided patients into five groups based on differences of their insurance coverage along with three different discharge failure outcomes (e.g., no discharge failure, restricted discharge failure, and broad/uncertain discharge failure). Lastly, the association between the urgency of PCP visits (within 3 days, 7 days, 14 days, and 30 days) and restricted discharge failures were drawn and compared across cohorts of patients with different insurance statuses.
Data analysis
Student's t-test was used to compare continuous variables while Fisher's exact analysis was used to compare categorical variables among groups. A multivariate logistic regression was analyzed to predict clinical compliance and ED restricted discharge failure after patient age, gender, homeless condition, chronic disease condition, mode of arrival at ED, medication prescription, abnormal vital signs upon discharge, and patient level of acuity were adjusted. Besides analyzing three interventions as potential individual independent variables, we also analyzed all three intervention interactions to best fit for pragmatic step-wise implementation. All descriptive and statistical analyses were conducted using STATA 14.2 (College Station, TX). A p value < 0.05 was considered statistically significant.
Results
General information
A total of 227,627 ED discharged patients were retrieved from the EMR. Of these, 41,427 (18%) patients received hospital-based charity insurance coverage with 21,695 (10%) patients eventually following up through a PCP clinic compared to 7293 (3%) patients experiencing restricted discharge failures (Fig. 1) . Overall, 30% (67,674/ 227,627) of patients had at least one clinic follow-up visit after the index ED discharge, 18% (41,333/227,627) of patients were considered restricted discharge failures and only 10% (23,322/227,627) of ED discharged patients had no discharge failure. Table 1 describes general information among different insurances. Patients with no insurance or commercial coverage tended to be younger with less chronic disease conditions, less likely homeless, and less likely to have a primary care physician (PCP) assigned in comparison to ones with other insurance coverages ( Table 1) .
A step-wise intervention improved patient clinic follow-up compliance Figure 2 shows that 58% (24,178/41,427) of patients who received charity insurance followed-up with a PCP clinic (Fig. 3) .
A step-wise intervention increased percentages of nodischarge-failure patients and reduced percentages of restricted-discharge-failure patients Simultaneously, the percentage of patients with no discharge failure was also increased with the implementation of step-wise interventions. Increased nodischarge-failure rates were seen with the addition of dedicated PCP assignments and subsequent PCP visits. This was noted not only among patients with charity insurance but also ones without such benefits (Table 2) . Meanwhile, restricted-discharge-failure rates were also reduced with the step-wise interventions specifically among patients receiving charity, Medicare, and Medicaid insurances ( Table 2) .
Urgent PCP clinic visits significantly reduced ED restricted discharge failures
When focused on patients who had clinic follow-up visits, we divided patients into 5 different groups based on the different urgencies of their PCP visits ranging from PCP visits ≤3 days from the index ED discharge to > 30 days. Urgent PCP clinic visits seemed to reduce patients with restricted discharge failures regardless of their insurance statuses (Table 3) .
Step-wise interventions associated with clinic compliance and ED restricted-discharge failures using multivariate logistic regression with intervention-interaction analysis
To avoid the potential confounders, a multivariate logistic regression was performed, adjusted with all potential independent variables. When using patients with no insurance and no PCP assignment as the reference, our study found that insurance coverage and PCP assignment are tightly associated with patient clinic follow-up visits at both individual and combination levels ( Table 4 ). The same model was used to determine the association between interventions and ED restricted discharge failure. We found that PCP visit > 30 days from the index ED discharge (N = 9381) 2501 (27) 2358 (25) 4522 (48) patients with either charity or commercial insurance and who completed PCP visits were associated with less ED restricted discharge failure if analyzed individually (Table 5) . However, when three interventions were analyzed with interactions to further predict restricted ED discharge failures, insurance coverage with charity, Medicare, or Medicaid itself did not seem to reduce ED discharge failure. However, such outcome benefits occurred with the combinations of step-wise interventions even after adjusted with all the confounders (Table 5) .
Discussion
Timely arrangement of post-ED follow-up is critical to ensure patient safety, monitor patient disease progression, and adjust management regimens properly [2, 18] . However, increased post-ED follow-up clinic visit rates do not simultaneously reduce inappropriate ED utilization or ED returns [11, 19] . In this study, we found approximately 30% of patients had PCP visits, while 18% of this cohort had restricted ED discharge failures. In addition, the more urgent the PCP clinic visits (e.g., within 30 days from index ED discharge), the lower the rate of restricted ED discharge failure. This also indicates such step-wise interventions could significantly improve patient PCP clinic follow-up compliance and reduce inappropriate ED return/utilization rates, but at different levels. Such interventions tend to increase patient clinic follow-up more significantly than reducing ED discharge failures. We realized individual interventions might not improve ED discharge failures and also noted that it may be pragmatically challenging to just choosing effective interventions without implementing upstream interventions. As a result, we followed this common step-wise implementation pathway, analyzed intervention-interactions at each level, and evaluated the value of each intervention in a more pragmatic manner. Our findings emphasize the importance of implementing such interventions and recognize the differences between patient follow-up clinic compliance and ED discharge failure. Furthermore, our study determines that current interventions with urgent PCP visits might not only improve patient clinic follow-up compliance but also reduce inappropriate ED utilization. Our results add value to the current literature by introducing results of a large systematic outcome study with pragmatic step-wise interventions which has not been reported to date.
This study has several strengths: 1) a large sample size with application to diverse concepts of discharge failure models; 2) systematic evaluation of patient follow-up compliance using pragmatic step-wise interventions; and 3) broad comparative outcomes between different patient populations with greater potential for translation to the general population (e.g., patients with different insurance coverage, patients with different time intervals from index ED discharge to subsequent PCP clinic visits, etc.). There are diverse concepts of ED discharge failure models reported in the literature (e.g., 72-h ED returns, ED/hospital readmission within 30 days, inappropriate ED utilization/high ED utilizers, etc.) [8, 9, 20, 21] . Here, we simplified and introduced two discharge failure models having either broad/uncertain discharge failure potential or short-term (< 30 days) restricted discharge failure. Given the uncertainty of ED returns and poor adherence of patient clinic follow-up, we believe that such restricted discharge failure model can minimize potential bias. All the differentiations used in this study seemed important to narrow down the "true" discharge failure cohort.
Different findings are reported among the current literature regarding the association between patient PCP clinic follow-up compliance and ED returns/revisits [11, 19] . Some studies focusing on asthma patients revealed the value of urgent PCP follow-ups [22] and their impact on decreased ED returns [23] , while others yielded opposite findings [24, 25] . Patients with Medicare/Medicaid tended to have more ED returns regardless of PCP clinic visits [26, 27] . Other studies showed homeless patients and those with high psychosocial risks might breach the benefit of such PCP referrals and are recognized as high ED utilizers [11, 28, 29] . Such mixed findings of previous studies indicate that PCP referral might be beneficial only among certain patient populations. In this study, we considered all ED discharged patients as a cohort and further subgrouped patients with different insurance coverage. Our results are quite similar to the findings from previous literature [30, 31] . Future research should be focused on population-based studies related to different ED discharge failure models.
Our study has limitations. First, given the nature of single-center, retrospective data analysis studies in general, limited and potential incorrect information, and missing data, potential patient population selection bias cannot be avoided. Second, differentiating ED discharge failures into restricted and broad/uncertain might not be accurate since we were not able to accurately differentiate between patients with certain uncertainties. Additionally, we only enrolled patients seeking healthcare at the study hospital/ED. We are unable to know the percentage of patients who had appointments in other hospitals or followed-up at PCP clinics outside of the study hospital system. This could further deviate the accuracy of study findings. Third, though all our patients who had follow-up appointments assigned will receive a phone call prior to their appointment, we were unable to know the success rate of these phone calls being answered. Therefore, we did not consider phone call interview an effective intervention and did not include it in our final analysis. Fourth, we analyzed data based on each ED discharge and some individual patients might have logged multiple ED encounters during the study period. This might impact final results if this cohort of patients were high utilizers of ED services. Therefore, a future multi-center prospective populationbased study is warranted for further validation.
Conclusion
In summary, higher ED discharge failures occurred in the study cohort due to the diverse concepts of discharge failure models. Interventions such as providing hospital-based charity insurance coverage, assigning a dedicated PCP, and providing a follow-up phone reminder in a step-wise fashion increased patient PCP clinic visit compliance while simultaneously reducing ED restricted discharge failures. More specifically, urgent referral to PCP clinics within 30 days seemed to improve ED discharge failure rates. 
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